Objectives: A negative predictive value of more than 90% is proposed by the American Society of Gastrointestinal Endoscopy Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI) statement for a new technology in order to leave distal diminutive colorectal polyps in place without resection. To our knowledge, no prior prospective study has yet evaluated the feasibility of the most recently introduced blue light imaging (BLI) system for real-time endoscopic prediction of polyp histology for the specific endpoint of leaving hyperplastic polyps in place. Aims: Prospective assessment of real-time prediction of colorectal polyps by using BLI. Material and methods: In total, 177 consecutive patients undergoing screening or surveillance colonoscopy were included. Colorectal polyps were evaluated in real-time by using high-definition endoscopy and the BLI technology without optical magnification. Before resection, the endoscopist described each polyp according to size, shape and surface characteristics (pit and vascular pattern, colour and depression), and histology was predicted with a level of confidence (high or low). Results: Histology was predicted with high confidence in 92.5% of polyps. Sensitivity of BLI for prediction of adenomatous histology was 92.68%, with a specificity and accuracy of 94.87 and 93.75%, respectively. Following the recommendation of the PIVI statement, positive and negative predictive values were calculated with values of 95 and 92.5%, respectively. Prediction of surveillance based on both US and European guidelines was correctly predicted in 91% of patients. Conclusion: The most recently introduced BLI technology is accurate enough to leave distal colorectal polyps in place without resection. BLI also allowed for assignment of postpolypectomy surveillance intervals. This approach therefore has the potential to reduce costs and risks associated with the redundant removal of diminutive colorectal polyps.
Introduction
The treatment of distal diminutive polyps less than 5 mm in size remains a global challenge in gastrointestinal endoscopy. Although endoscopic therapy is generally not difficult, the costs for the redundant removal of those polyps are enormous given the fact that most of the diminutive polyps have a low prevalence of advanced histologic features, with less than 1% of them showing a cancerous phenotype. 1 Therefore, the American Society of Gastrointestinal Endoscopy (ASGE) has proposed the Preservation and Incorporation of Valuable Endoscopic Innovations (PIVI) thresholds for real-time endoscopic assessment of the histology of diminutive colorectal polyps, proposing a negative predictive value of greater than 90% for a technology to guide the decision of leaving suspected rectosigmoid hyperplastic polyps less than 5 mm in diameter in place without resection. 1, 2 In addition, the ASGE proposed that polyps less than 5 mm or less can be resected and discarded without pathological assessment if a new technology provides 90% or greater agreement in assignment of the correct postpolypectomy surveillance interval. The implementation of the resect and discard strategy would result in a potential upfront saving, which was calculated as more than one billion dollars in the USA. 3 Meanwhile, the PIVI recommendations are recognised as one important parameter highlighting the effectiveness of advanced endoscopic imaging modalities. To date, various studies have shown the potential of different imaging techniques, including Narrow Band Imaging (NBI), Flexible spectral Imaging Colour Enhancement (FICE) and i-scan for the prediction of colorectal polyp histology. [4] [5] [6] Most recently, a new imaging system was introduced to flexible endoscopy system methods that are implemented in the distal tip of a high-definition endoscope.
Here, we prospectively assessed for the first time the potential of the most recently introduced BLI-system for real-time prediction of distal colorectal polyp histology according to the recommendations of the ASGE PIVI statement for colorectal polyps.
Material and methods

Study design, setting and patient recruitment
Consecutive patients undergoing screening or surveillance colonoscopy were prospectively included. The study was approved by the ethics committee (Code 103_14) and was conducted according to the ethical guidelines of the 1975 Declaration of Helsinki, as reflected in a prior approval by the institution's human research committee. Written, informed consent was obtained from each patient included in the study. Patients with a history of inflammatory bowel disease, poor bowel preparation, coagulative disorders or polyposis syndromes were not included.
The BLI system
For the purpose of this study, the newly introduced VP-7000 video processor was used in combination with the latest high-definition video colonoscopes (Fujifilm, Tokyo, Japan). Images were displayed on 27 00 Ultra LED (light-emitting diode) monitors (Radiance, NDS, USA) providing a typical luminance of 900 cd/m 2 at 6500 K colour temperature. The endoscopy system is equipped with Complementary metal-oxide-semiconductor (CMOS) and 4-LED multilight technology consisting of four independently acting LEDs. The specific light spectrum consists of blueviolet, blue, green and red. Enhanced visualization of haemoglobin, and thus blood vessels, is generated by the high peak intensity of short-wavelength light. The BLI system produces a peak of high intensity at 410 nm, which resembles the absorption maximum of haemoglobin. The modified visible light spectrum results in an increased visualization of the mucosal surface and vascular pattern morphology as compared to standard white light imaging.
Endoscopic and histologic assessment of colorectal polyps
Prior to the study, the endoscopist underwent a 1-hour online teaching lesson on pit pattern analysis of colorectal polyps. Afterwards, a training set containing 20 images with known histology was reviewed to standardize image interpretation. Endoscopic imaging was performed using a standard technique after standard bowel preparation with either sodium picosulfate or polyethylene glycol solution in split dose regime before the examination. Patients receiving conscious sedation were monitored according to the guidelines of the German society. 7 On withdrawal from the cecum, all parts of the colon were carefully evaluated for lesions. Once a polyp was detected, it was photographed in white light mode, followed by BLI. The location, size (as compared to an open biopsy forceps or snare) and Paris classification of the polyp were described. 8 Using the BLI system, surface characteristics were described including pit pattern, vascular pattern morphology and colour. Afterwards, the polyp was removed either with a biopsy forceps for lesions less than 3 mm in size or in conventional snare technique. After resection, the lesion was put in buffered formalin and send for subsequent histopathological analysis, which was performed by an expert pathologist. The pathologist was blinded to the real-time prediction of colorectal polyp histology. Finally, endoscopic prediction of colorectal polyp histology and histology were compared.
Statistics
All statistical analysis was done using PASW Statistics 18 (SPSS, Inc., Chicago, USA). A two-sided P value < 0.05 was considered to be significant. For comparisons of proportions we used Fisher's exact test. The median in this study is presented for non-normally distributed variables, while the mean is presented for normally distributed variables. The range provided indicated the minimum and maximum values. To assess if BLI is reliable for assessment of postpolypectomy surveillance intervals, endoscopic predictions of polyp histology were compared to those recommended by pathological assessment for both European and US guidelines. 9, 10 For the purpose of this study, the confidence level was set to 95% with a confidence interval (CI) of 5% and a population proportion of 50%. With a chosen population size of 100 this resulted in a calculated sample size of 80 polyps.
Results
Study cohort
In total, 177 consecutive patients (mean age 60 years; 108 female) undergoing screening or surveillance colonoscopy were included (Table 1) . In 56 patients, a total of 87 colorectal polyps were detected (Figure 1 ). Overall, histology was available for 80 polyps thereby complying with the sample size calculation. Pathology revealed adenomatous phenotypes and hyperplastic phenotypes in 41 and 39 cases, respectively. In total, five sessile serrated adenomas were detected among three patients (Figure 1 ).
Diagnostic performance of BLI
Colorectal polyps were evaluated in real-time by using high-definition endoscopy and the BLI technology without optical magnification. Before resection, the endoscopist described each polyp according to size, shape and surface characteristics (pit and vascular pattern, colour and depression), and histology was predicted with a level of confidence (high or low).
The histology was predicted with high confidence in 92.5% of polyps with an overall accuracy of 93.75% (Figures 2 and 3) . Of the 41 adenomas, 3 were incorrectly predicted to be hyperplastic lesions by BLI, while 2 of the 39 hyperplastic polyps were misdiagnosed as adenomas. All sessil serrated adenoma (SSA)s included in the study were correctly predicted as adenomatous lesions by BLI. Therefore, prediction of colorectal polyp histology with BLI showed a sensitivity of 92.68% (95% CI 0.79-0.98) with a specificity of 94.87% (95% CI 0.81-0.99). Following the recommendation of the PIVI statement, positive and negative predictive values were calculated with a value of 95% (95% CI 0.82-0.99) and 92.5% (95% CI 0.79-0.98), respectively ( Table 2) .
Prediction of surveillance intervals with BLI
In order to assess if BLI is reliable for assessment of postpolypectomy surveillance intervals, endoscopic predictions of polyp histology were compared to those recommended by pathological assessment for both European and US guidelines. 9, 10 Taking prediction of all colorectal polyps in this study together, surveillance based on both US and European guidelines was correctly predicted in 49 out of 54 patients (91%; data of two patients were not evaluable). In the five cases where surveillance intervals differed, according to the European guidelines BLI predicted shorter surveillance intervals in two patients (5 years instead of 10 years) and longer surveillance intervals in three patients (10 years instead of 5 years) as compared to standard histopathology. According to the US guidelines, no differences were observed between prediction based on BLI and standard histopathology (Table 3) .
Discussion
Here, we have shown for the first time that the most recently introduced BLI technique, which is based on tissue illumination with LEDs, allows for accurate prediction of colorectal polyp histology according to the recommendations of the PIVI statement for colorectal polyps as proposed by the ASGE. Of note, the study has shown that BLI allows for both guidance for the decision to leave suspected hyperplastic polyps in place without resection and for the assignment of postpolypectomy surveillance intervals. Colorectal polyps are a common condition regularly found during screening colonoscopy and the adenoma is considered as the precursor lesion of colorectal cancer. 11 Therefore, adequate detection and resection of polyps is of utmost importance for an effective screening procedure. However, only up to 3% of polyps less than 5 mm in size show an adenomatous histology with a wide range reported in the literature between 0.15-3.4%. 12, 13 Most polyps, especially those located in the rectosigmoid area, demonstrate a hyperplastic phenotype. In addition, most polyps in the rectosigmoid area are diminutive lesions measuring less than 5 mm in size. Therefore, accurate in vivo histology of colorectal polyps seems to be an appropriate strategy for the identification of polyps that to not possess a risk of developing colorectal cancer in order to reduce costs and the potential risks associated with their redundant removal.
14 The PIVI recommendations have been well established to demonstrate the effectiveness for in vivo diagnosis of diminutive rectosigmoid polyps with a new endoscopic imaging technique.
In the present study, we have evaluated for the first time the potential of the most recently introduced BLI system for prediction of colorectal polyp histology and the assignment of postpolypectomy surveillance intervals. BLI is based on tissue illumination with LEDs and utilizes computer-based light transmission instead of filter technologies. Traditionally, dye-less chromoendoscopy techniques are based on optical filters (e.g. NBI, compound band imaging (CBI), i-scan optical enhancement (OE) and variable intelligence staining technology (VIST)) or digital postprocessing (e.g. FICE, SPIES and i-scan). 15, 16 Optical filters typically narrow the red light, therefore enhancing tissue illumination with blue light resulting in improved contrast of the surface pattern and vascular pattern morphology. In contrast, digital postprocessing uses transcoding software algorithms, which predominantly result in an improved visualization of the surface pattern morphology.
One recent randomized clinical trial evaluated whether optical diagnosis with NBI of diminutive colorectal polyps meets clinical practice standards and reduces the need for histopathology. 17 In this trial, 558 subjects were enrolled and randomly assigned to near-focus NBI and standard view optical diagnosis. Endoscopists were significantly more likely to make a high-confidence optical diagnosis with near-focus (85%) than standard (73%) view. High-confidence diagnoses had 96 and 92% negative predictive value, respectively. Moreover, optical versus histopathological diagnosis showed excellent agreement between the surveillance intervals. Similar results have been reported by various other groups over the past few years. 18, 19 Similar to optical chromoendoscopy, recent data have shown the effectiveness of digital chromoendoscopy techniques for the evaluation of colorectal polyps, highlighting the effectiveness of digital chromoendoscopy for distinguishing neoplastic and nonneoplastic colorectal lesions. 20 However, critical results regarding the effectiveness of dye-less chromoendoscopy techniques and their potential for in vivo diagnosis of colorectal polyps have also been published. Basford et al. compared high-definition white light endoscopy and i-scan for the assessment of small colon polyps and measured their performance against the PIVI thresholds for the assessment of diminutive colon polyps. 21 A total of 209 polyps in 84 patients were included. There were no significant differences between white light endoscopy and i-scan in the characterization of small polyps. The negative predictive value for adenomatous histology of diminutive rectosigmoid polyps was 100% with both imaging techniques studied. UK and US polyp surveillance intervals were predicted with 95% accuracy with white light and 97% accuracy with i-scan. In addition, one recent prospective, randomized, multicentre trial reported that the levels of accuracy for real-time prediction of polyp histology did not differ between NBI and high-definition white light for optical diagnosis. 22 Of note, the term 'BLI' is used twice in endoscopy. In our study, we have studied for the first time the potential of the blue light imaging system, which is based on LEDs, for the prediction of polyp histology. However, the term BLI is also used for blue laser imaging, an advanced endoscopic imaging technique that is not available in Europe or the Americas. Blue laser imaging (Lasereo, Fujifilm, Tokyo, Japan) utilizes two different laser systems, one with a wavelength of 450 nm passing through phosphor to irradiate white light and one with a wavelength of 410 nm for imaging of the vascular pattern morphology. 23 Limited data on the technique are available, although preliminary data have already shown its potential for the diagnosis of colorectal polyps.
24 Table 3 . Prediction of surveillance intervals based on blue light imaging and standard histopathology according to US and European guidelines. Potential limitations of our study need to be acknowledged. First, the study was conducted as a single-centre study. However, no data are yet available on the potential of the BLI technique for the diagnosis of colorectal polyps. Therefore, our study now allows multicentre trials to be set up with adequate sample size calculation. Second, endoscopies were performed by an expert endoscopist. Accordingly, the results may be not the same for community physicians. Further data are therefore required addressing the learning curve and the applicability of the new technique during routine clinical practice. However, recent data on the realtime characterization of diminutive colorectal polyp histology using NBI has already shown that, with standardized training programmes, gastroenterologists without prior expertise in NBI were able to meet the negative predictive value and surveillance interval thresholds set forth by the ASGE. 25 Therefore, one can potentially anticipate similar outcomes for the BLI technique. Last, the number of serrated lesions included was considerably low. Although BLI predicted adenomatous phenotypes correctly in all of those cases, the low number of serrated lesions included does not allow for a valid conclusion regarding the applicability of BLI for this specific type of lesion. Therefore, future research should specifically focus on the practicability of using BLI for the diagnosis of serrated lesions.
In summary, we have shown for the first time that the new LED-based imaging technique BLI is accurate enough to predict histology. This concept therefore has the potential to leave distal diminutive colorectal hyperplastic polyps in place without resection or for them to be resected without subsequent histopathological analysis. In addition, we have shown that the BLI technology allows for the assignment of postpolypectomy surveillance intervals according to the recommendations of the ASGE PIVI statement. Although our results are promising, we recommend the confirmation of our results in a multicentre study, including lessexperienced physicians at different training levels. National and international guidelines should also address the legal aspects of these new diagnostic possibilities in more detail.
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